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PREFACE

Selection and presentation of data for the history of research and
and devolopment in the Chemical Warfare Service in World War II wero guidead
by the requirements set forth in the msmorandum dated 1 Augus*® 1944, ASF
SPROD, subject: History of Wartime Research and Developmant. In acccrdance
with this directive, the historical monographs have been written with the
objective of furnishing:

A guide to future research and development parsomnel
to prevent or discourage repetition of unsuccessful
investigations,

A ready reference text or source book for research
and development personnel to indicate a line of
research and development to be followad or avoided,

A source of information for personnel charged with
the preparation of military characteristica,

A source of information to those responsible for
the initiation or approwval of development projects
to be used as a dackground for epproving or dis-
approving project initiation.,

A fac’ual taxt for historians and others requiring
correct information on the many varieties of re-
search and development projerts undertaken during
the war.

A reference manual for staff planners to assist
them in the preparation of future war plans,

In genaral, these monographs orovide a complete history of
Chemical Warfare 3Service wartime ressarch and develcpment, focused
particularly on the work done from 1 July 1340 to 31 December 1945,
In many cases it was rot possible to conoclude the story of the lat-
ter date, and wherever possible the completed story wes continued to
the date of last rovision,

Volume 4 of the series endeavors to give a compiete factual
account of the development of stermutators, as carried out by the
Chemical Warfare Service and other war agencies,

These monographs wore begun under the direction cf Major Clarke
‘Robinson, C™8, Chief Historical Branch OC, CWS and ¢ontim.ed under the
supsrvision of Dr. Leo Pinkelstein, Editor-in-Chie{, Ristorical Branch,
tC, CM3, In June 1947 their completicn was turned cver to the Chemical
Corps Chemical ana }uhclogxcal laboratories,
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INTRODUCTION

Irritant Smokes, Irritant smokes Lave variously been called toxio
smokes, voaiillng gases, sternutators, and irritant smokes., This report
wil)l be concerned only with those solid or liquid subatances which cas
be dispersed as & particulate cloud and whose symptomatology is similar
to IM and DA. This report will not cover other toxic smokes, such as
oadmium oxide and cadmium chloride, cr other agents which incidentally

cause nausea or vomiting such as chleropicrin.

The following effects of exposure to DA are noted in order of
appearances irritation of nuse and throat, irritation of the eyes with
lacriaation, irritation of the chest with a growing feeling of suffo-
cation, an occasional pasal secrstion, and nsusea. If exposure is
prolonged, aching pains in the stomach and numbness of the limba may
appear. This pumbness may later give rise to extremely sharp pains,
Subsequent to exposure ihe following systems are oftsn exhibitsds
dizzines*, p-ofuse salivation, intense burning in the nose anu throat,
nausea, haadache, and toothache. The burning pains in the nose and
throat persist after all othar effects have disappeared {1).

1. ™A Digest of Peports Conternming the Toxic Effect of Diphenyl-
chloroarsine,” Edcewood Arsenal Chemical Division (hereimaftes

EACD) 127, p. 2, 5 ipr 1325
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CHAPTER X
Historical Background

Uss of Stornutators in World War I

The everlasting struggle between armor-piercing shell ard the protecting
armor of a battleship was parallsled during World War I in chemical warfare,
The weak places in a defense must first be discovered, In crder to destroy
an armared battlaship, either its defenseless bottom is attscked by torpedoes,
or its protecting armor penetrated by armor-piercing explosive shell.

In chemical warfars it was a struggle between the gas mask anc poisonous
gases., The weakness in the gas xask in 1917 was due to the fact the
chemicals in the canister sorbed only true gases, The molecules of true gases
aro in a very active atate of motion and soon strike agzainst any walls with
which they come in contact. If the walls are gramulated, as in the case of
the charcoal used in the gas mask caniater, the available area of walls against
which the molecules sirike is increased and holds the molecules of the
heavisr gases in its pores. However, if the air contains poisonous subetances,
not as moleculss, but in the form of clusters of molecules (for exmaple, dust
or mmoke), the clusters are not very active in the current of air (except for
Brownian movements), but hover like pieces of driftwood in a river. Conse-
quently, they seldom touch the walls of the charcoal and therefore do mot
adhere to them., For this reason, moke passed almoast unhindered through the
filter of the gas mask used by the Allies in 1917,

The Germans, in their search for a substance in the form of swoke, came to
the sromatic series of the arsenic compounds, smong which there were chlorodi-

phenylarsine and cyanodiphenylarsine (2).
(CgHg) 2082 (cgHg) ascH
chlorodiphenylarsine cyanodiphenylarsine

Thess compounds were solids with negligible vapor pressure. They were
dispersed by heavy explosive charges, in the form of a finaly pulverized dust,
The particulate clouds thus created lasted only a few mimtes in the oven,
and they were ancordingly classed as nonpersistent agents. They were, however,
immediately effective and readily penetratsd the existing gas masks of the
Allies, 1t was due chisfly to these properties that they were introduced by

the Germans on the might of July 11, 1917 (3).

2. "The Uss of Arsenical Compounds During the Tiodd Wa’ Office Chief, Chemical
Worfare Sarvice, », 1, 8 May 1933, (In files of Chemical and Hediologl-
‘cal Laloratories, Tochnical Library, Army Chemical Center, kde (hereine
after CRLTL), as 'Z1P 011-7).

3. Aucustin i, Prentiss, Chenicals in .arfare (New York: lccru-mn Book
Coapany, Inc., 1937), p. <0d.
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X Chlorcdiphenylarsine was first used by the German Army at Niewport on
{ 11 July, 1917, in the form of a 12% solution in phosgene and diphosgene (Green
’L Cross 52). In September 1917 a combined high explosive and chlorodipheaylarsine
} shell comtmining 16¢ to 22% DA and the reasinder high explosive was introduced
i (Elue Cross shell). In June 1918 cymnodiphenylarsine replaced chlorodiphenyl-
arsine because of its alleged gresater stability tomards water and its supposed

! greater effoctivenssas,

| The mmber of sheil containing chlorndiphenylarsine (Blue Croas) used by

the Goermsas mas estimated at from several hundred thousand to fourteen million.

The amou=t of chlorodiphenylarsine mamufactured was 35,000 tons. During the iast .
/ fow months of the war, 600 tons of chlorudiphenylarsine was manufactured monthly.

: ’ The wse of chlorodiphenylarsine by the Germanz was a deliburats attsmpt to
penotrate the canizter of the gas mask, becauss the increased protection
afforded the steadily improved masks and the better gas discipline offast the

- German use of lung irritants in the Treen Cross shell., To the Germans it meant
such an sirance of offemsive tactics over protsction that the effect on the
Allies woald be almost as if they were sntirely unprotected. The masks then in
use by tihe Allies afforded practically no protection against particulate clouds,
and the failure of the German hope cra be due only to the very poor dispersioa
with resalting low comventration sud large particls sisze of the chilorodiphenyl-~
arsine from the Elue Cross shell (4).

The German tactics were to use the toxtec smokes for offensive purposes.
The Blus Cross shell was first fired om those areas to be attacked by the
Germans in order to make the defenders remove their masks as a result of the
irritation and violent sneexing caused by inhalation of the toxic smokes. The
bombardrest was immediately followed by Green Cross shell (phosgene and di-~
phosgene) in order to cause sevcre casmlties when the defenders were un-

protected (5).

The Germans contimully incressed the use of the Blue (ross shell and
claimed rreat results for it. The following instructions issued from the
German G over Ludendorff's signature om 9 July, 1913 expresses the German

viewpolint on the Hlue (roas shells

The substance in BElue Cross zhell acts with extracrdimary

rapidity, in fact almost lnstantecusly, ut it geperally

puts troops out of action for only a short time, Inm i
sufficient comcentration it penstrates the French mask

offectively and the English mask to a lesser degree, im

which case it forces the snemy to tear off their gaus

EASkS.sss In the case of an insufficient concentration,

| 4, "Irritant Smokas, Preliminary Investigation,” Edzewood Arsenal Technical
i . Peport (hereinafter FATR) 286, pp. 1-3, 18 Mov. [330.

5. B?? 011‘7. pp. 2"3.
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Blue Cross at least forces the enemy to wear their masks,
thereby interfering with their fighting efficiency. The
affoot of the gas passes away and rapidly disappears
after the gas or detoration cloud. In consequence it can
be employed when our infantry are ralatively close to it.

Yo fatal cases of poisoning by chlarodiphenylarsine or cyanodiphenylarsine
occurred ia the British Army in France, but the casualties reported were
significant. Thus ian the Rritish Fifth Corps Gas Center (which may be taken to
rapresent the southern half of the British front), between 25 May und 50 Juns,
1918, the percentage of Blue Cross casualties was 17.3%, while in the same
hospitzl from 25 iday to 13 Octover, 1918, out of a total of 3,510 gas cases
admitted, 9.6% were Flue Cross and 7.0% were Green Cross (lung irritant)
casualties, In the No. 7 Statiomary Hospital (which derived most of its
cascalties froa the northern half of the British front), Blue Cross causalites
accounted for 9.5% and Green (ross for 5.7%. The figures derived from these
two sources are in close agreement. During the last two or three months of
the war the increased proportion of Hue Cross zhell used by the Germans led
to an increase, though not a marked one, in the nunber of Blue Croass
casualties. The A~erican figures are not so complete. Out of 70,000 gas
cases ia the AEP, "arsine” accounted for 57T with 3 fatalities. -

T™he chemical advisor to the 5th Corps (British) summarized the effects
of the Hlus Cross shell in the following words:

It 18 a pegligible menace 50 far as causing seriocus and
prolonged casualties; tut it is a very real factor in a
baitle, particularly in a retreat, where both its moral
and physicel effects may greatly influence the issus
during a liaited mmber of hours.

He further expressed the opinion that anything beyond a mild dose led to a
goneral decrease in the stamina and power of resistance, and thus contri-
buted to the mmber of prisoners taken by the enemay (6).

Towards the end of the war the Allies placed a mechanical filter
consisting of waddirg and layers of felt in their canisters and in this way

provided adequate protection (7).

From the above study 1t is apparent that the principal uses of chloro- .
diphenylarsins or similar arsenicals in shell for artillery wera for neutrali-
tation of machine gun fire, counterbattery and long-range bombardment, dis-
ruptiom of lines of communicatioa, and interference and slowing down of working
parties. Against an enomy who had inadequate protecotion, the arsenical mmoke
was claimed to break down his resistance (8).

: EATR 285, PPe 1"2. 4,
1‘ i m 011‘7. Po 4.
8. RAMR 223, p. 4.
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The Allies studied the possibilities of retaliating against the Germans,
The German precess for the manmufacture of chlorodiphenylarsine was so
complicated, however, that it was soon resalized that a simpler method of
making it must be develnped. In seeking to find such a method, the Dritish
and American chemists simultanecusly discovered in 1918 that a slightly -
different, though closely related, compourd could be easily manufactured in
large quantities, and that this substitute compound had very similar
properties and seemed to bo equally effective a3 a respiratory-irritant
chemical agent, This new compound was diphenylaminachloroarsine.

- -

Diphenylmminechloroarsine (IM)

The Americans pamed this compound "Adamsite,” after itz American dis-
coverer, Major Roger Adams (9).

Baither diphenylaminschloroarsine nor the other arsenicals were mamufac—
tured in time by the Allies for use during World War I.

Developmont of Stiermutators in World VWar I

Dispersion of Smokes by Explosives. A ressearch program was carried out

at the imerican Univers.cy during world War I to determine the factors contri-
Three designa of shell

buting to mmoke formation on explosion of a shell,
were investigated, These were:

l. The mixture type, in which the toxic agent was intimately mixed
with the explosive.

7. The long burster type, in whizh the toxic agent surrounded a long
burster containing explosive. :

3. The German type (Hlue Cross), in which the oxplosive in the shell
surround a container hoiding the toxic agent.

The Mixture Type.

, Patio of Fxplosive to Tnoke-Producineg Material. In work at
Aimerican Umiveraity during world War 1 the oplimum woight ratio of explosive

3. Prentiss, cp. cit., p. 211, 212,
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to smoke-producing material was s&r o0 depend upon the followlng factors:
f a. Relative distribution of the two substances.

be Strength of container.
ce Nature of smoke material and explosive.

Vhen intimate mixtures of DA and TNT wers used it was found that only
a =mall variation in the percentages of explosive and amoke-producing material
was possible, if good detonation was to be retained on ons hand and good
xmoke concentration om the other, If more than 30% of the mixture was DA, the
detonation of the TNT became difficult; if less than 15% DA was used, the cloud
differed 1ittle in density and toxicity from TNT muoke along. Yhen the
percentage of DA was close to 30%, excellent smoke clouds of large xize and

good density were obtained.

Por intimate mixtures of finely powdered IM and TNT in TS-mm. shell .
the mixtures having 55% to 60X IM were found to be the best both for mmoke
production and good detoration and fraguentatior.

A atudy of the stability of mixtures of DA snd TNT chowed that
mixtures of this type were of questionable ltabili*/ and not entirely safe for
use ia 2 shell, Test to determine the stability oy DM and THT carried out et
65°C. showed that for a period of 2 wk, no development of pressure was evident.

A comparison of results for bombs of weak containers (paper), and
strong containers (iron pipe), showed that for weak containers the higher the
ratio of explosive to agent (up to 3:1), the greater the dispersion efficiency,
while the ratio for strong bombs showsd the reverse to be the care. The .
differences, however, were not large, espeocially for the strong bombs.

For a given type of bomd, a given amount of explozive was capable of
scattering only a limited smount of materisl in a state fine enough to remaia
in suspension. Any attempt to use less than the critical amount of explosive
resulted in a leasened officiency (10).

Strength of Shell Wall, The strevsth of the shell wall is one of the
nost important tactors In determining the rize of the smoke particles. The
quantity of smoke produced from a given bcab is greater when the material is
onclosed in a strong container than when in a fragile one. '

In bombs using DA and TNT made from either paper bags or iron pipes,
about twice as much smoke was obtained from the iron containers as from tha

10, [EA1R 286, ps 5, 6; "The Use of Mixwres of ™ and TNT in 75-!ta.- Shell for

the troduction of Toxic Siokes," Anorican Uriversity Experiment Station
Rusenrch Division (Tnashin~wton, D. C.) Lien:rgoid Soction (horvinanter

D.5.) 150, 17 [5¢ 19183 "The Dispersion of C.i Uy tho Laplosive 'lothod,®
D.5. 0, 21 Aug 19183 "The Mixture Typo of Diaporsold Shell," N.S. 114,
TUnuuwd‘ "Donsity and Rate of Suttlirg of DA," u.S. 9, 18 ua“‘m‘é—
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paper bags (11).

Density of Loading. The density of loading in a projectile is de-
fined as the welgat of the charge divided by the inclosing space. In
experiments in which 10 g. of TNT and 10 g. of DA were loaded into bombs of
sizes varying from 2.4 cu.n. to 18.1 cu.in. and the density of loading
conseguently varied from 0.0675 to 0.52 g./ml., it was found that the density
of the smoke produced was directly proportional to the demsity of loading.

Effect of Powdering and Compreszinp Jmoke-Producing Haterial, In a
camparison of powdered LI with cast i in a Y5-mm. shell, 1¢ was found that
either melting the ™ or using extremely hith pressure in packing, i.e. high
density gave poorer results than hand tamping the powdered IM.

Effect of Temperature and Addition of Heat-Prodvcing Agents. Heating
the smoke-producing material before explosion was found pemeficial im .
increasing the demsity of smoke. Thus, raising the tempersture of IM from 20
to 150°C. resulted in a rise of 82% in the smoke density. For Id raising the
temperature from 20° to 100°C. resulted in a 13% increase.

The addition of powdered alumimm in an explosziwe to increase the
heat content of the mixture so as to give better =zmokes wmas investigated.
Explosives of this character are known as amuonals, and nsaally contain from
3% to 20% alumimum powder. In the above experiments the scmonals varied from
2.5% to 30% alumirmmm powder, 20%¥ TNT, and 55% to 77.5% smovium nitrate. It
was found that the addition of aluminum had iittle, if arny wvalue (12).

The Long-Burster Type.

The burster type of shell as developed at the 2serican University
consisted of a lomg central core of explosive surrourded by the smoke-
producing materisl. Static tests were mads of the long-terster shell
enploying differsaut diameter burster tubes, The penetrating power of the
smoke from the different types of shell was found to rark as follows (those
of greater penetrability rirst):

11. EATR 286, pe 73 DeS. 90; "A Comparison of the Quantily of Smoke Obtained
~From Jimilar Fombs Enciosed in Fragile and Strong Containers,® D.S. 89,
20 Aug 1918; "The Dispersion of [A by the explosive Method Using TNT and
Tetryl,” D.S. 80, 8 Aug 1918; “Penstraticn of G-76 Smokes Made by
Zxplosive Dispersion in a 10 cu.m. Box," D.S. 115, 21 Get 1918.

12. FEATR 288, p. 9; "Comparison of the Smokes Produced ty Three Samples of
i, D.S. 46, 28 Jun 1918; “The Production of [ Swoke Frem 7S5-im.
Shell;™ D.o. 159, 23 Deo 1918; "Effect of Temperature on the Efficiency
of Production of Smokes by Explosive Dispersion,” B.S. 51, 10 Jul 1918;
"Effoct of alumim:a Upon the Dispersive Powsr of a3 sxplosive,®
D.S. 95, 11 Sep 1918,
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1-7/16-in.-diameter burster (1.2 DA to 1 TET)

1l~in.-diameter burster (5.3 DA to 1 TKT)

1-1/2-in.-diameter burster (1.2 DA to 1 TNT)
1-3/4-'n.~diameter burster (0.56 DA to 1 TKT)

The complets churacteristics of the bast long-burster-type shell,

as shown by the above test, were as follows: {13)

Weight of explosive (IST)=- -
Woizht of DA = =~ = = = = = =

Vide s = s s s v me--
Diamester of burster — =~ =
Length of burster to weld~ -~
Material of burster— — = - =
Thickness = = = = = = = = =
Bottoming of lLurster = - - -
Thread in shell nose = - - -

&"0.1----------

German -

Blue Cross, The German type of Blue Cross shell consisted of a
bottle, or container, of DA inclosed in explosive.

various types is as followss

-« <kl
- ==260 g
- =315 go
--10‘

772, Blue Cross

Jelght of DA = = = « = = - 135 g.
Meight of explosive {TNT) -£20 g,
Volume of bottls =« = = = = 100 ml. (approx.)
Ratio of DA to INT - = = = 0.22:1

13, EATR 286, p. 11, 12; "Developrze;t of a Shell for Bfficient Disperaion of DA
and similar Toxie Substances,” D.S. 155, 25 Jan 1919; "Protsction
Afforded by Vnrious Canisters A-ainst DA Shells,” American University

- =1-7/16 in. o.de

= =7.387 in.

= = = Shelby sesmless steel tubing
- = =16 gauge {0.0625 in.)

- = =Direot contact

= = =U.S. standard

= = =Lead washar and paint

The description of the

Bxperiment S%ation Reuearch Tivision (Washington D.C.) Cas Mask
Hozoareh Ssenion (G 2) God, 7 uct 1918,
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105-mm. Bluc Cross

Weight of DA = = = = = = = = = 370 g.
Weight of explosive (TIT) --- 1280 g.
Volums of bottls = = - = = - = 300 ml. {approx.) i
Rodio of DA t0 ¥iY = -~ ~ -~ = ~ 0.2971

In the 155~rm. shell a c¢ylinder containing DA was sot into a hollow
space in tho explosive charpe, with magnesia cecent. In the 21-em. shall tho
LA was placed in a tin can. The ratio of DA to cxplozive was 0.5:1.

A comparison of the dispersing efficliency of a Hlus Cross sholl was
made in static firing with various other types. It was found to be inferior to
either the long-burster typs or the mdxture type.

Oreen Cross 2. The Gernans also usod a sholl filled with 12% to 15%
solution of DA in phosgens and diphosgenme. This shell was rade in 15- and 2l-cm.
sizes. Th~ object of this thell was to use both an irritant and lothal agent in
the same shell. This shell was largely replacod by ths FEue Cross. The dis-
advantaga in the use of a solvent for DA or IX! is that it cuts down the anount
of the agent in the shell and therefore diminizhes the concentration of the
particulate cloud (14).

The "L® Device. The most efficient method of dispersing DA, DC, and IU
was by condensation of a supcrsaturated vapor. Then volatilized by heat, the
vapor condenses to forn extresaly mmall particles, having a dismcter of the
order of mapgnitude of 10~4 to 10~ cme. On the other hand, vhen dispersed by
explosion, the dispersion of the chemical was due slmost entirely to the
physical force of the explosion. The explosives normally used, such as THT,
did not have a sufficiently large enmergy con'.ert to vaporize the smoke-
producing material, in spite of the fact thit they liberate all their energy
in a very short space of time. Thus, 1 xg« of poetroleum haz a heat of
combustion of about 12,000 cale, coal about 8,000 cal., snd dry wood 3,500 to
4,000 cal., vhile TIT in exploding has only 710 cal. The recult wmas that
particles dispersed by sxplosion wore usually sany times larger than those
resulting from heat distillotione Jimilarly, when the conpound was diasolved .
in a 1iquid solvent and sprayed by a ncchanical sprayer, cven the bost sprayers
sent out droplets many times larger than the true mmoke particles.

These facts were npparently not appreciated by the Gormans at the time
they adopted chlorodiphenylarsine as a filler for their irritant smoke sholl,
for they first attempted to dissolve this compound in somo casily volatilized
solvent, guch as diphosgens, and disperse it as a liquid spray. thhen this
proved unsatisfactory, they attempted to disperse it Ly the use of heavy charges ° /

14, PATR 286, pe 4. S

)
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of high explosive, which also subsequently proved insfficient onm the field of
battle. In loading chlorodiphenylarsine into the .sheil, another error was
made in placing the sxplosive charge around, instead of within, ‘the chemical
charge. TWiith the explosive surrounding the chemical charge, the forcs of
explosion tended to compress the chemical particles, instead of blowing them

apart.

The British wero active during the latter part of Morld War I in pushing
the develomment of a toxic candle which would by progrossivs burning distill
off the chemical as a trve smoke, in which form it was found to be far more
effective than when dispsrsed by explosion from artiliery shelle. Speaking of

the development, Gonsral Foulkes says:

¥hen the DA was scattered by the high explosive it waa
liberated not in the form of a gus, but in fine particloes;
these were not sufficiently mimte to penstrate the gas
mask oampletsly, and absolute protection was very soonm
obtained by adding a cheeseclcth filter to the canister.

Colonel Watsom, who was the head of the Central Laboratory at Hesdin, had
suggested ix September 1917 the atudy of particulate clouds, and ons of the
officers in a spirit of investigation, put a pinch of DA which had been

The result vas so

extracted from a German shell on the hot plate of a stove.
remarkable that every ons wus driven out of the house immediately, and it was

found thut the latest pattern of German mask, even when fitted with a cheese-~
cloth filter, gavs no protsctior whatsver against the DA cloud produced in thisz

wa¥e
This was the gorm of & new and very valuable idea, and steps were taken
immediately to inveatigate how DA could best be volatilized in the most highly

effootive and penstrant form by bringing it in contact with the heat evolved from
the combination of a suitable mixtur> of chemicals; 1nd & thermogzenerator wus

soon designad, which cunsisted of a can containing the DA and the heating
aixture in seperate compartments and which weighed 2 or 3 1b,

The plau of attack was asimilar to the onms previously put forward for gas;
but as the perticulate scloud was effective in ons-hundredth tho concentration
of the gas cloud, and the German protsction azainst it was nonexistent,
complete success was absolutely certain if only the secret could be “spt.

The "M® device {as the thermogenerators came to Le called) was never used
in France due to the tsrmination of the war (15).

. 15, Prentiss, op. cit., 209, 210,
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CHAPTER IT LI
¥ilitary Charactoristics

Irritant Smokes

The desired charscteristics of improved irritant smokes for use in shell
sre as follows:

1. TVhen used in artillery shell it should be equal to or batter than
DX ia the following:

Rapidity of sotion,

Effectivensss in low concentrations.
Atility to penstrats the gas mask.
Incapacitating effosctse.

Stability during diszsemination.

2. It should be-effective in the field in the T&-rm. gun, the 155-wm.
gun and howitszer, the 105-mm. howitzer, the infantry mortar, and
the 4.2~in. chemical mortar.

3. 1t should de procurable in the quantities required in an emergency
ard stable in storage (16).

18, “Revised Kilitary Charscteristics for War Gases,® Minutes of the
Chemical Corps Technical Committee (Army Chemical Center, Md.)
CCTC Itsm 2288, 8 Mar 1951, . -

CCITEZNTIAL

11




SECRET

CHAPTER III

Basic Technical Factoers

Pr.paration and Propertiss of Chloradiphenylarsine

Chlorodiphenylarsine was "ifst observed by La Coste and

Preparation.
Michealis as & by-product in the preparation of dichlorcphenylarsins from arsenio
trichloride and mercury diphenyl according to the follcwing equationss

Hg(CeHs)2 + 2AsCly ——) 2CgHSASCl2 + HeClp (2)
Hg(CeHs)z + AsCly ——3 (Cell5)zAsC1 + HeCle (3)

They then prepared it by heatinug mercury diphenyl with an exzcess of dichloro-
phenylarsine for several hours at a high temperature. The reaction is as

followss
2CeHpLaCl2 + Hg(CeHs)z —) 2(CgHg)aAsCl + HgClz i (4)

Another method of preparation was to treat triphenylarsine, without a
solwvent, with dry chlorine ges, whereby the dichloro addition product wes
obtained, This latter product was then heated for some time at a high tempera-
ture and then distilled at reduced pressure. Chlorobenzens and chlorodiphenyle

arsine resulted. The reactions are as follows:
(csﬂs)sh +Cly —) (C5H5)3A1312

(CgHg)3AsCl2 —-e-—-) (CgHs)2AsC1 + CgHECL (6)

The same process has been reported by the French with the modificstion that the
chlorination was carried out in chloroform or carbon tetrachloride solutiuvne

The yleld of chlorodiphenylarsine was snid to be 50% of theory. Richter, Byers,
and Hunter used chlorobenrens as a solvent, following the French modificaticne
The same authors report that triphenylarsine may te chlorinatsd by phoageno.

the reaction being carried out in an ice bath,

(s)

A distinctly different orocess consisted in preparing diphenylarsenious
oxide by the sotion of phenyl mapnosium bromide on arsenious oxide, isolating
the oxide, and treating it with hydrochloris acld to form chlorodiphenylarsine.

‘The reactions are as follows:

A330y + 3C5Hsdpdr ———) CHsAs(OMrBe)a + (Cols)2A30MeBr (1) gf
2(Cell5)a45C 7By ———3 [[CeHs)2Aa120 + 1iBrz + 150 (8) :
[lcer5)245]20 + 2101 —) 2{CqMH5)oA9C1 + 10 (9)
SEZCRET
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This process was developed and used as a laboratury msthod during World
Yar l.

German Process. Tho German process carried out at Hochstam-lain consisted
in (1) preparing phenylarsonic acid by condensing benssne diagonium chlorids with
sodium arsinite, (2) reducing the acid with sulfur dioxide, (3) treating the
resulting oxide with sodium hydroxide and condensing ths product with benzene
diazonium chloride to form diphenylarciaic acid, (:f reducing the arsinic acid
to diphenylarsenious oxide, and (5) treating the oxide with hydrochloric acid
to give chlorodiphenylarsine.

The entire process may be expressed by the following equations:

Celigh,Cl + NagheOy ———)  CgilsAsOgNa, + NaCl + I (10)
CeBsAsOsNay + 2HCI ——3  CgligAsO(OH), + 2NaCl (11)
CeHgASO(OH)2 + S0, ——P  CgHgAsO + HyS0, (12)
CgHgAs0 + ZNaOH —  CclighsO,Nay (13)
CeHgNaCl + CgHeAeOyla  ==——p (CgHg)yA30;Na + NaCl + K, (14)
(CqHg)oAs0Ma ¢ HCl ——> (CgHg)oAa0,H + MaCl (15)
Z(CgHg )2A002H + 250, + H,0 _—,Ecsxs)zni]zo + 2M, 50, (16)
Ekﬁns)zAi]zo s 2 HC1 — 2(Colg)pAsCl + Hp0 (17)

The yield of chlorodiphenyle: sine obtained by this method was 25% to
30% of the theoratical, dased upon the aniline used (17).

The German process is conducted in four phases:

1st phaso: The prepsration of phenylarsenic acid, Into s solution
of 420 kg, of caloined sodium carbonate in 2,500 kg. of
water is poured a solution of 25 kg. of copper sulfate
in 1,000 kg, of water; then a solution containing £80
kg. of ersenic acid (97-100%), 570 kg. of NaOH at 40°
Y., and 570 kg, of water is added. Then a solution of
400 kg, of aniline in 2,500 kg. of water end 350 kg, of
20° Bd. hydrochloric acid is prepared, After the ad-
dition of 1,350 kg, of fce with a solution at 40°C. of
742 kg, of sodium nitrate, the diaso solution is then
diluted to 6,000 liters, The diazo solution is then

17. "Daevelopment of a Hethod for the Hamufaoture of Diphenylchloroarsins,”
TACD 259, pp. 2-3, 22 Mar 1923; 4, LaCoste and A, Michaslls, "Uber
aratische Arsenverbindungzen,” Justus Liebge Anmalen der Chemie 201,
p. 215, 219, 243 (1880); A, Michaells, "Uber ercmsllsche Arsemverbln-
durgen,” Ann. 321, pp. 142-148 (1902); W. LaCoste and A, Uichaelis,
'Uber Mono- und Dipheanylarsenverbindungen,® Bsrichte der Deutschen
che-ischen GCeszellschaft, 11, p. 1885 (1878),

SECRET
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gradually added without going above 10°C, Whan the
evolution of nitrogen has coased, the solution is
filtered and acidified by HCl. The pracipitation of
the phenylarsenic acid is aided to completion by the
addition of =odium chloride, aad filtered in a filter

proste.

Yield: GO% of the uniline usude

2nd phase. The preparation of phenylarsenic oxide., A mixturo of
806 kge ol phenyiarsenic acld, 80U kg. of water, and
1,500 kg, of & solution of bisuifite at 40°3s% iz hoated
at 90°C. until the reaction of the euprous chloride mo
longer indicates the presence of rhenuylarsenic acide The
oxcass sulfur dioxide is driven off by steam, and the
phenylarsenic oxide, which is deposited as en oil is dis-
solved in 700 to 750 kg. of 4C° Be’. sodima hydroxide.

3rd phago: The preparation of dirhenylarsenic acide Ths alkaline
solution of the ghenylarsenic oxide is coolad by ice, then
a diazo solution prepared {rom 325 kg, of aniline, 3,200
kge of water, 1,040 kg. of 20° Be? hydrocaloric acid, and
620 kg, of sodium nitrite (in a 40% solutiou) is added.
After the disappearance of the froth, 3U0 to 400 kge. of
solution of sodium hydroxide is addad, the resins ere
filtered, and the diphenylarsonic ascid is precipitated

by the addition of 1,000 kg. of hydrochlorio scide The
yield is about 420 to 470 kg. (40 to 45% of the theore-

tioal).
4th phaset The prepsration of chlorodiphenylarsines in introductiom
ST L0 Tg— o dTpharyTarsenTe 5TT Ta made into 3,000 1.

of preheated hydrochloric acid, Reduction takes place at
70°C. by ths introduotion of sulfur dioxide, and the -

chlorodiphenylarsines is precipitated. 1I% is then dried
under & low pressure by a current uf air at the tampserature

of wate~ bath (BM)e
Yields 90% of the diphenylarsenic acid ured (18).

18, ™Combat Gases,” Intarallied Control Cormission, Sub-Cormission on

TR s et e mr— —————
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Ar=~mant, Chomical Section for Control of iiar Factories, O(fice of
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Green and Pope Process. The Green and Pope process is another rethod
whoreby chicrodipnunylursiaoy can be preparede. 'the first stages of the process
are similar to the first stages of the German procass. In the Green-Pope
process, homesver, a part of the phenylarsenious oxide is converted to tho
corresponding chloride by treatments with hydrochloric acid, and a mixture
of the two, in the proportion of three woles of phanylarsenious oxide to one
mole of phenylarsenious chloride, is heated from one to two hours at 240° to
250°C.

The process may be sxproscad by the following equatiorss

CgHsH2Cl + NazAsOg —)CgHsAs0(0Ra); + Hp + HaCl (18)
CgHsAs0(0%a), + 2HC1—3CgH5As0(CT), + 2UaCl (19)
CclgAs0(0H) + SOz —) CgHsAs0p + HaS0g (20)
CHASO 4 2HCL ————3 CgHsASCY + Hp0  (21)
Cefishs0 —) (CeHs)ghs + Asg0s (2)
(CeFs)3hs + CgHsAACYy —) 2(CqEi)oasCt - (23)

The yield obtained by this nmetbod was 68% of theory, based upon the
aniline wsed (19).

Based on the Green-Pope proceas a small-scale plant for the mamufacture
of DA was denigned and constructed {20)a

Thia pilot plant produced 1,637.5 Ida of crude DA in 34 runs over a
period of six months of intermittent operation. The over-all yield of DA
based om aniline was 30.,2% of theoretical when hydrochloric acid wea used
throughout, but was increased to 42%, 617, and 62X when sulfurio scid was
used in the reduction stepe A batch of the latter ylelded about 80 1b, The
estimated total cost in a plant producirg 1 ton per 24-hr, day wes given as
$1.12 per 1b. (21).

19, EADD 259. PPe 4-0.

20, "Do:-ign and Construction of a Small.Scale Plant for the Mamufacture of
Diphonylchloroarsine,”™ EACD 298, 24 Now 1923.

21, "The Davelopment of the l'anufacture of Diphenylchloroarsine (D.’'.)
on a Sonmi-forks Dasis,”™ FACD 225, pe. 17, 8 Nov 1922, .
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Sodium Process. Adams and XcDonall found that vhen mixtures of tri-
phenylarsine and arscnic trichloride in theoretical proportions were heated at
high tenperatures in sealed tubes, the resulting product was largely chlorodji-

phenylarsinee.
2(Cgllg)zAs + AsCly —) 3{C;5H5),..5C (24)

Attempts were made to develop this process in a large-scale planﬁ, both
at the American University and in Bngland using autoclaves (22).

The triphenylarsins was made from monochlorobsnzers, arsenic trichloride,
and metallic sodium, using bentens as a solvent and diluent. The method en~
tajled the handling of large quantities of mstallic sodium, which reguired
careful plant construction and operation to puard against the danger of fire

and explosions (23).

During fiscal year 1929, a plant for the production of DA by the sodium
process was designed at Edgewood Arsemal and partially constructed (24).

The sodium for use in the reaction was prepered in two ways. -In one
process, the sodium was extendcd cold a3 a ribbon and cut in short lengths.
In the other process, which consisted in forcing molton sodium through a small
orifice into cold benzens, the sodium was obtuined in a finely divided state,

and the particles wers fairly unifora in sise.

Use of the theoretical quantity of sodium gave a yicld of triphenylarsine
as good as that obtained when an excess of sodium was used. Tho salt residue

from the reaction could be destroysd by water without igmition of the residual
benzenn (25)«

22. "Preparation of Diphenylchloroarsine and Fhenyl uichloroarsine from Tri-
phonylarsine and Arsenic Trichloride (Jealed ‘fube Method),® ‘mcrican
University Zxperimcnt Station, Rescorch Division, (Washingtonm, D.C.J,
Offense Chomical Rescarch Section Repori (hereinaftor O.R.) 23, 2 July
1918 "Report on the Manufacture of Liphenylchloroarsine,” Amcrican
University Exporiment Station, Rescarch Division, (Washington, Ds C.),

Chemical wroduction Soctioa Report {C.P.) <0, lo Aug. 1918.

."The Development of tho Sodium Process fer the Zamufacture of Diphenyl-
chloroarsine,™ EACD 434, 19 Oct. 1927.

24. ™lanufacture of Chomicals for Experimental Purposes,” Project Prorranm
for 1929-1220 (Chemical Jarfare Servive, Edgewood, ia.) Projoct -

Pro~ron ¢ 12, pe 43

25. TACD 434.

23.
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¢élL Usion of the crude triphenylarsine with a 25% excess of arsenic tri-
chloride into chlorodiphenylarsine by heating 3 hr. at 250° to 255°C, under
a prossure of 30 to 40 1b./sq.in., gave a product containing 64% to 68%
chlarodiphenylarsinee Tha total recovery teing 907 to 957 of the materials used.
The materials cost per pound based on a typical iaboratory run wag 45 centa (26).

A totai of 1,796 1b. of DA was manufactursd, 1,239 1b. of which had a
purity of approximately 92%. The calculated content of pure DA was 1,483 1b.,
which, based on the total srsenic trichloride used, corresponded to an over-all
yleld of 28.8%. It was estirated that a 64% over-all yisld of pure DA could be
obtained from a iarge-scale plant.

Physical Properties (27)e

loculuwoight...........-........ 264.57
Freezing point

Stable f’or‘, e ece v e coe Y . ° $7.3

Unatadble tOl'-. %o - & ' EEEEEEEX . e 18.2-18.‘
Boiling point

760 mme, e e s v cceosossossecveasnssseos 307.2

mcoz.%'.................--.. 333.
DOCOﬂpOlltiO!}, ~ewperature, Ce v oo eveoseseeas o 300-350
Eballioacopic constant ¢« e e s s e 6 e s s e 000 s e 3847
Cryoscopio constant. 4 e e ¢ s 2 2 2 6 0 0 0000000 44,55
Latent heat of nporization,c.l./g. * ¢ 8 5 v o 6 e s 65.4
Latent heat of hmion, C-llo/ ® ®© © ¢ 9 ® 4 & o O 6 6 0 o0 16.28
Heat of combustion, kSc‘Cllo 10e e e e s o v 000 00 1561
Heat of fomtlon,kg.-c&l./mlo. RN EREEE 14.5
Specifis heat at constant pressure at 20°%C,,

cnl./g.mlo/degroe. ® & 0 & o ® @ ¢ 9 0 0 e e s 0o 0 0.270
Yolar volume at 50°C., Mle/ZemOl€e o o o« o o a o o o o o 190.7
Uclar refraction for the sodium D lim,nl./g.-olo. e o s 68.50
Cosfficiont of expaniion ¢ ¢ ¢« ¢ ¢ ¢ ¢ s ¢ ¢ 6 0o 0o 0 o » ]-W: 6.8

26+ ™Chemical Warfare Agents,” EATR 50, p. 50, 30 Jun 1931.

27. "Soms Aspects of Physical Chanistry of War Cases,™ Chemical Defence
Research and Davalornent Uonorsraph No, 9.311, pe 71, Sope 1950, (In
CiLIL as ©1F 550 [1-7736); "Constants aud raysiologlcal Action of
Chemical varfara Agenta,” EATR 78, p. 32, 33, 19 Jul 19323 "Diphenyl-
cynnoarsine - Fart ¥ - Tho Vivsical Proparties of HA, DA, TA, and DC,"
Chrmical Dafencn fat b14eb=2-% (Sutten faka, Enzlazd) 1'{1lt-ry Attachs,

Sulisn g .opors (coreinmcar 8.0.R.) oy 292, pe 4=/, 4 Loa 1u10e
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Density, ge/mle o « « o o o » o o D% =1.4357-0,00097¢
Vapor pressure, mmeHge o« o ¢ o o 10g pg = 9.398—(.@]_8%.)

Viscosity, g./cm.soc. 1000
orpoiSO...o.-.... log‘njt:(_"’?ﬂ‘)w4o466

Refractive index with respect to
air for the sodium D line..e ng = 1.6663-0,00057%

Temporature Density Vapor pressure Refractive index Viscosity

20 1.4163 0.0016 (S) 1.6549

30 1.4068

40 1.3969 1.6438

45 0.0032 (L) 0.0478
50 1.3872 0.0040 1.6376 0.0427
&0 1.3778 ' i
70 1.3678

7% 0.0684 1.6238 0.0292
80 1.3581

90 1.3454

109 1.3387 o.182 1.6093 0.0164
130 1.033 0.0105
150 — 1;5808

165 5.808 0.0068
200 25.24 1.5523 0.0044
248 125.0 0.0029
307.2 1.1379 730.0 1.4913
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Solvent Tempe Solvent

0°C, 5.7100 ge
Denzens 15 108

Carbon tetrachloride 0° to Room tamp, Miscible
Ethanol Room 20
Phosgense 26 495
Ethylens chloride ‘ 20 ss7
Chloroform ) 20.2 310
Dichloroethylense 19.5 337

Chemical Properties

Eydrolysis. DA is readily hydrolyzed by watsr or moist air to DA
oxide. -

2(CgHs)243C1 + H0 —) [(C15),A8)50 + 2HCL

ihe rapidity of hydrclysis depends on the subdivision of the DA and
is increased by melting it in order to increass contact surface or sheking.
The hydrolysis, when the mixture is aritated vigorously, is complats in 3 min-
utes at 40°C,, and is 83X complete in 30 mimutes at 20°C. (28).

Ammonise “vith anhyrous mmmonia and chlorodiphenylarsine in benzene
solution, Ths Iollowir ; reaction taker places

(CgHg)a8C1 + 2MHg—— (CgHs) ASHE,  + HF4CL (25)

Diphenylarsenanide forms needles melting at 53°C. It aots on the
skin and on the mucous membranes both in solution and when dispersed in the
air, .On exposure to air, it is converted inte diphsnylarasnious oxide.

Chlorins. By the action of a solution of chlorine in carbon tetra-
chloride on a solution of chlorodiphenylursire in chloroform, trich)orodiphenyl-
arsine is formed as crystals melting at 189°%C.

c1

G (26)

28, EAT? 78, p. 35, 38; "Data on Chcmical iarfars,” Tochnionl Divicton (Army
=i ical Center, )aryland) l's-orancua Roport (ioroinutor L (J 456,

25 Tov 1942,
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This trichloro-derivative on treatment with cold water forms first the chlorido
of diphenylarsenic acids ‘

(Cgfs)AaC1ly + 2Hy0 —3 (CgHs)p48(0H),C1 + 2RCL (27)

This i3 rapidly converted into diphenylarsenic acid,

Ritric Acid. Chlorodiphenylarsine on heating to about 40°C, with
concentratsd nitric acid is oxidized to diphenylarsenic acid, (Cgfg),As00H,
This forms colorless crystals melting at 175°%,., which are sparingly solubls
in hot water, alkalies, and alcohole It is not decomposed by nitric mcid nor
by boiling chromic acide The copper and lead salts of diphenylarsenioc acid
are very sparingly soluble in water, even at 100°C,

Hydrochlories Acids. On boiling chlorodiphenylarsine with hydrochloris
soid, arsenic trichloride and triphenylarsine are formed as followss

3(CgHs)2A8C1 —) AsCly + 2As(Cgls)y 128)

Sodium Todide, By the actiom of sodium iodide on chlorodiphanaludm
dissolved in scetone, iododiphenylarsine is obtaineds

(CgH5)245C1 + Wal—) (Cgiis)aAsT + BaCl (29)

This forms brilliant yellow crystals, m.p. 40,5°C., insoluble in water,
difficultly soluble in cold alcohol, but readily soluble in hot alcohole

Hydropen Sulfide, On bubbling hydrogen sulfide through an alcoholls
solution of chiorodiphenylarsine, diphemylarsenious sulfide is formeds

2(Cgli)2A8C1 + HpS—) f{CeHs)ats]os + 202 (305

This forms white crystals melting at 67°C. It is readily soluble in benzena,
carbon disulfide, and chloroform, but aparingly in alcohol and ethere

Sodium Thiocyanatse By the action of sodium thiocyanate dissolved im
acetons on chlorodiphenylarsine dissolved in the same solvent, diphenylthiow
cyanoarsine is formod, (CgHg)pAsSCN, an oily, pale brown substance which is

miscidble in all proportions with benzene and acetone and which decomposes with
water, piving, up the SCIH groupe It boils at 230° to 233°C. at 22 to 23 vrm.Hre
pressure, It reacts quantitetively with sodium sulfide.

2(C g )2AsSCH - + Nap3—3 [[CeHs)pa8] 58 + 2HasCH (s1)

Sodium Alcoholate or Phenats, Sodium aluoholate and phenate react -
with chlorodiphonylursiiio as lollowss
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(Ceﬁs)z&SCI + 323501{& — (CGHS)ZA.SOOCZHS + NaCl (32)

(CgHs)245C1 + CgHs0Na —) (CoH5)2A80.CgHg  + NaCl (33)

Chloramine-Te Chlorodiphenylarsine reacts with chlora=ina-T in ﬁ,.
presence ol water to form diphemylarsenic acid (29).

Corrosion Characteristica. The pure substance has no corrosive effect
since it is stable, L2en wet the acid hydrolysis product is corrosive to metals.

Stadility in Storags at 25° snd 60°C. DA can be kept in atsel shell
for at least 15wk, at €U°Cs end for a ysar at room temperature, without deteri=~

oration of the toxic or the shell (30).
Prevaration and Properties of Cyanodiphenylarsine

Proparation.
DC Procass, Sodiuc Cyanide Methode During World War I cyanodi~
pPenylarsine was prepared i1n Germany by heatling potassium cyanide witl. chloredi-

phenylarsine. .

(CgBs)2AsC1l + XCY ——3) (gHs)2AaCN & KC1 (34,

A 5% «xcess of a concen’rated squeous solution was used.

This method was investigated by the lLake Erie Chemical Co., Clesweland,
Ohio, between 1936 and 1941, as well as at Edgewood Arsenal in 1932, end it was
found that smulsion formation was caused by the rapid hydrolysis of DA by the

alkaline sodium cyanide.

Moreover, any dichlorophenylarsine present is hydrolyzed to the oxides
This is the very vigorous and-erotheimic reaction that makes it difficult to
maintain a low temperature, (30°C.) which was found to La advz=tageous amd .

increases the cmulsion formatione
CgHsAsCly + 2MaCN ——) CgHsAs(CN)z + 2HaCl (3s)
(36)

CeRsAs(C)p + H0 ——) CgHGASO + 2CHK

29, Mario Sartori, The War Cases (New York: D, Van Fostrand Company, m.).
p. 310, 311, o

30, PATR 70, Pe ;8
— Ve
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The quality of the DA used was'a great importance, but only when the
purity of DA was above 957 could emulsiou iormation be consistently preventsde -

The conversion in all cases was about 90%,
DC Process, Acueous Oxlide Methode The method of mamufacture resommended
by the Lake Lris Casulcal Company conalsis of hydrolysing DA with aqueous sodium
hydroxids < form DA oxide.
2(Cell5)248C1 + 2Na0H—) [(CH5)o05] 20 + ZHaCL 4 Hz0  (37)

In this method any arsenic trichlorids is reacted with sodium hydroxide to
form water-soluble sodium arsenite,

AsClg + 6NaOH——) NazAsOg + SHaCl &+ 3H3D
In a similar fashion, the impurity dichlorophenylarsine hydrolyzes to water-

(s8)

soluble products, .
CeHsAsCly + 2NaOH ——) CgHsASO + 2HaCl 4 Hy0 (39)
CgHsAS0 4+ 2¥a0H —) CgHsAs(ONa)a + Hy0

4
The diphenylarsenious oxide, which is lasoluble in water, can be filtered from
the water-soluble impurities. It is convertsd to DC by suspending it in water

and passing in HCE to form DCe

(40)

[(ceBs)2A2] 20 + 28CE —3 2(CgHs)oAsCh + BpO (41)
The DC obtained by the aqueous oxide method heas a ty of better
than 98% after separation of the DC laysr and vacuum drying (31)e
Physical Prcperties (32).
255.13

\lolaauluwoight.....-...o-.........
Yolar volume at ZQOCQ. ml./g.mol. I EEEEREEEE) 193%.4

3le "Manufacturing Process for Diphenylcyanoarsine Including Diphsnylchloroarsins
ard Triphenylarsine.” Lake Erie Chomical Company, (Cleveland, Ohio,), Report

{Io CRLTL as i 102C3<8.)

No. 6120, 9 Nec 1941,

32, “Physical Constants of Arsenicals Relatud to DC," Chemical Exparimental
Station (Porton, England), Porton Report (herginafter,P.de) 2./, Ps 5-8,

10 Sep 19415 3.0.Q6 492, pe 7=93 LiF 550 2-7736, pe 73+
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Molar refraction for the sodice D line,

ml./g.:nolc' e s s s o v s & s e o 8 o 8 0 o0
Boiling point, Cye o« o 8 0 @ o o000 s o9 o a0
Freezing point, %Ce ¢« » o 0 » ® & & ° e s & & & ® & o

mtasta.blo 180‘&‘.‘162‘?]’18, e o 888 v o s s 0 b
Latent heat of vaporization, eal./g. e s s e oo e

* o & & .- e &

Eballioacopic constant o @ ®» & v 8 & »
Spscifio heat at constant pressure at 0°C., cal./gs

Vapor Pressure Density Refractive Index

e g./ o LY

- — 1.6239
-~ 1,3338 1.6231
-~ 1,3234 -
- - 1.6153
— 1.3143 1.8131
-— 1.3048 1,6081
- 1.2958 1.60351
2.0 1.2148 1.5608
4.8 — -
7.5 1.1863 ‘ 1.5458
18.0 1.1673 1.53568
33.8 —— -—
50.% 1.1388 1.5208

This data war obtainad from the following formlss:

2
Vapor pressure, ma.dg. = 10.724 - (%—9*) = log Py
Donaity, ge/mle = 1.3668 - 0.00095%
Refractive indox = 1.6408 = 0.00050¢
. 240
Yizcoaity, polise = (-1-,—5-—) ~ 5,078 = log,",

Viscos 1_(_.1

poisse

0.096

0.073
0,060
0,058
0.043
0,054

PR 67428
o o v s 290.4
e e s o s 300
s e ® 28.95 + 0.15
s o s o @ 7‘503
e e o v s 312
o o oo o 0,318

¢ e e e+ o 2 g m
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Chemical Properticse.

Hydrolysis. Cynrodiphenylarsine is less casily hydrolyzed by water
than DA. A 505 mixturs of DC and water showed no hydrolysis after 24 hr. either
at 60°C. or at 80°C. At temperatures higher than 80‘C., the decomposition was
rapid and was complete at 100°C. This decomposition takes place wore rapidly
with aqueous or alcoholic sclutions of the alkalics (33).

Oxidlziné Agents. Then cyanodiphenylarsine, covled in a water bath, ia
treated with nitric acid, with 2% hydrogen peroxide, or with tromine water, it ia

oxidized to diphenylarsenic acide

Methyl Iodide. By the actiom of methyl iodide on cyanodiphenylarsine,
through heating in a closed tabe for 6 hr. at 100'(:., diphenylsethylarsoniun
iodid~s 2»d trifodide are obtained. The latter crystallizes in viclst needles
which melt at 69°C. and are imsoluble in water axd in ether (34).

Thermal Stability. Ko change ¢n romm~eition occurred on heating DC
for 105 hr. at 65 C. or for 58 hr. at 80°C. {35). .

Preparation amd Properties of Diphenylaminechloroarsine

Preparation. Wieland oitained IM by treating diphenylamine with arsenio
trichloride.

(CgHg)21T + AsClg —3 MH(C4Hg),AsC1 + 2B01 (42)
It con also bo obtained Ly the following wethods:

le By heating diphenyl hydrazine with arsenic trichloride.

2. By Voiling aniline with arsenic trichloride, then adding sodium
hydroxide, and treating the oxide obtained with hydrochlorie mcid.

By treatment of fused diphenylamine with concontrated hydrochloric

3.

acid und then mixing with arsenious oxide.

(CgBs)2"H + EC1 —> (CgHg )M * BC2 (43)

2(CgHg) QUHEC1 + Asy0y ——> 2HH(CgH,),AsC1 + 3B,0 (44)
33. ETP 102C3-6, p. 54-55
34. lario Sartori, obo cit. p. 317
35. ETP 102C3-6, pe. 53
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The manufacturing process used by the Awericana at Bdgewocd Arsenel during
orld War I for the manufacturs of DM was based on the reaction of diphenylamins

ith arsenic trichloride.
The operating details of ths msthod wers as follows:

In a larpgs jacketod kettle fitted with en agitator and a reflux
condenser 642 kge. of diphenylamine was heated to 150°C, To tais

was added 730 k,. of arsenic trichloride (10% sxcess over thaoe
retical), arnd the heating was contimied for 5 hr. During the course
of the reaction, the temparature rose to 250°C., and large quantities
of hydropgen chloride were evolved. This passed through the condenser
and was absorbed in water in a special absorption tower, At the end
of the reaction, the product odbtained was transfserred to a vessel
containing water where it was washed, centrifuged, end dried at 350°C.

The yisld was 80% of theory (38).

In the plant 8,183 Ib. of DI were mamufactursd by this methode The cost of
production was $0.95 per lb. of DM

Physical Propertiss (37)e

Kolacular wWight « e e s s s e 0 20 a0 ° 2T7T.57
Molar volume at 20°C., ml./g.mole. . e oo 168.4
Boiling point, %.. 760 mm. 8‘ e o0 e s oo 401 (B!‘ithh)
410 (American)
Ebullicscopio constant « ¢ ¢ e ¢ o ¢ ¢ o ¢ o o 59.4 (British)
Froozingpoint, Ce ee s e eecvsesesocse 195
unstable forms, Ce ¢ ¢ o ¢ ¢ ¢ v ¢ ¢ o ¢« 132 and 188
Cyromeopic conatant o ¢« ¢ o« ¢ s e o 2 0o 0o ¢ o 48,4
Decomposition temperature, e o ¢ o« ¢ o o 3 ¢ 195
at 200°C, decomposition ¢« ¢ ¢ ¢ e o ¢ ¢ o 0.02% per min,
at 250°C, decomposition ¢ e « ¢ o ¢ o o o 0015% r nin,
Speciﬂ.c heat (lOlu » 0‘1./‘0 e e e oo e e 0,222 Lnericu.n)

0,270 (British)

51,0 at 410°C, (Amerivan)

80.1 from 200-250°C,
{(Amarican)

79.3 at 195°C, (imerican)

159.4 (American)

Latent heat of vaporization, cale/ge o « o «

Latent heat of fusion, cale/ge « o o
Latent heat of sublimation, o.l./g.

368s Mario Sartori op. cit., p. 320, 321,

37. ETP 550 27735, p. T4; EA‘!'R 78, p. 26-283 *Vipor Pressure &f DM PACD 46,
1 Jua 19213'"Report on {'prmmnt of tho.Existing D.Me Gonoutcr,
P.2. 417, Part I, Hov 1928,
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Vapor pressure

e H&
5 x 10~16 (a)

2 x 10713
s x 10712
2x 10“
2 x 1078
8 x 10“
0.43
1.0 (8)
1.38
3
3
“
1y
108
258
578
750

7680

(A) Amsrican Data

(B) British Data

SECRET

Volatility
mge/le

8.15 x 10~15 (a)

3.0 x 10712
4.3 x 10710
2.8 x 10~9
2.4 z 1078
8,62 x 10~3
2,089

ks

12,

4,568,

Density was calculatsd from the following equations

4y = 1.672 - 0.0012¢.

SECRET

Densi
Ge .

1.672
1.048
1.624
1,600
1,562
1.504
1.433
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luch doubt atill prevails concerning the vapor pressure of Adansite,

P

R

British resulis, P.R. 417, obtained in the region 240° to 400°C,, and American
results, EACD 46, obtained in the rogion 140° to 410°C,, are not only contra-
dictory, but internally inconsistent. Although it is somewhat difficult to
judge, ths discrepanciss appear to te due less to i ity in the specimens
than to the imherent ditficulties of measurement (315‘.“

Solvent Tempe Solubili
. Ce g.7100 Ce

Ethylene chloride 0 0.32
Rthylsne chloride 60 2.8

Chloroform 20 <0,.87
Dichlorethyless 40 <3.2
Tetrachlorethane 20-25 <2,91

Cerbon disulfide 20-2% <Q0.08 A
‘Pyridine 40 About 7
Monochloroace tous | 25.28 8.2
Chloropleria 40 <0.35

Acctoos loom tempe 20

Chemical Properties.

Hydrolysis. When DU is covered with water it probadbly forms a pro-
tactive co;%%u?%m oxide which prevents further hydrolysis, Finely divided
M hydrolyres rapidly, to the extent of about 30% in 15 min. and 40% in 1 hr,
Incresse in temperature and time of contact seem to have no effect on hydrolysis.

At room tamperature a concentration of 0.5€ hydrochlorio acid 1s
sufficient to prevent hydrolysis, and at 70% tn» 30°C,, & concentration of 0.6%

iz required (39).

28, ETP 570 E-7738, Pe 1l4e

39. BATR TR, pe 29.
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The hydrolysis is probably
, T
2MI(CgT3)2A3CY + HOH ——-:é::x(cssﬂ,)ga%zu + 21C1 {45)

I_i_x:_c[nino. By the action of bromine on DI in acotic acid solutiom, the
molecula is decomposed, and tetrabromodiphenylamine is formed:

CsCy
7’ \
ax\ AeCl + 4Brp ——) HN(CglgBra)z + As3ry + EC1 + HBr (45)
/
Cels
Tetrabromodiphenylamine forms lustrous crystals melting at 185° to 136%.

Hydrochloric Acid, When DM is treated with gaseous hydrochloris acid
at 160%C., ) decomposes, lorming arsenic trichloride and diphenylamins, as

followss

Fols
FH_ AsCl + 2HC1 ——) MH(CgHg)p + AsCl; {(47)
ety

HAydriodic Acide On treatmsnt with aqueous hydriodic acid on the water
bath, I foras diphenylamine?

Lol i (2)
m\c . ,AsCl + 21— W(Cglg)z + AsClly
64

Allmlies. DM reaocts with alkmliss to form DM oxide, mccording ta
the followlng equations

c
,6 SFolay

2WH_MICL + Hp0 —) ZHCL & (HN_ _ks)p0 (29)
Coly Cela

This substance forms colorlass leeflats with a melling point abova 350°C. and is
soluble with difficulty in most nf the organic solvents.

Ar—onise MWhen a currant of dry armonia 1s psssod through a solution of

DY in xylenae, iriphenarzazine amine, melting at 295? to 3C0°C., is obtained,

(i _as)s¥ (s0)

SICRE
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Oxidizing Agantse. Oxidizing agents react with DM, comverting the
arsenic atom rroa tho trivalent to the pentavalent state. Hydrogen peroxide
in acetic acid solution, or chloramine T in cold aqueous alcoholic solution,

converts DM to phenarsazinlc acid, molting above 300°C,

el /on
HA /As %
\tGH4

Cyanides. DM, when treatsd with sodium cyanide in metiiyl alcohol
sclution, does no. form DM cyanids, but the corresponding methoxy compounde

,Csﬂ.;\
HXY ,AS-OCHS (52)

“ceBd

This substance melts at 194°C. and on heating with watsr is converted to IM oxide.

(s1)

DM cyanide has been preparad by treating DM with silver cyanide. It
forms bright yellow crystals melting at 227°C. Though it has & more sfficient
biological action than DC, it is very unstable to heating and to exploiiome

Potassium Thiocyanate, When DU is treated in acetons solution with an
aqueous solution of potassium thiocyanats, LM thiocyanats is formed.

¥H AsSCN (s3)

This forms yellow crystals which melt at 229° <o 230°C,

Pyridine. When DH is treated with boiling anhydrous pyridine, tri-
phenarsazine chloride is formed,

Ce Celly Ce

I d

| Ef23- —_— 1: e —x H‘\A.cl (54)
“CeHg Cely Cely

The compound is orange yellow and melts at 260° to 263°C,

Gripnard Reapent, By the action of the Grignard reagent on DM the
corresponding alkyl or aryl derivative is formed (40).

Loy - .
"Nea (s5)

~ -
CeHy

40, liario Sartori, Op Cit, p. 323-328.
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Corrosion Characteristicse Tnen stored in atoel shell, UM causes &
slight rusting due To the small amount of acid prossnt as arsenic trichloride.

Stabilitr in Storage at 25° and 60°C, D may be stored in stesl shell
for 15 nke. at tu-C. or for a yoar at room teuperature without deterioration, or

without any appreciable effect on the shell (41).

Theory of Smoke Formation

There are three ways in which smokos can be produced. These ure:
l, Condensation of a supersaturated vapaor.
2. Atomization of a liquid.

Se Pulverization of a solid,

Condensation of a Supsrsaturated Vapor. The condensation of a supsrsaturated
vapor results in a smokes This method can be carried out in a mmber of weyss
by heating, by chemical interaction, and by adiabatic expansion, Since the start~
ing unit is the molacule, this method is extremely efficient in obtaining small
particles providing the growth can be arrested. Howsver, it is very difficult to
stop this growth, since condensation, once begun, procesds contimwusly until the
state of supersaturation disappears, The fewer mmber of particles formed
initially, the greater is the growth of particle size. Small particles can be
obtained by supplying a large mmber of nuclei for the condemsation of smoke

moleculese

Atomization of a Liguid, Atomization can be spplied only to ligquids.
When a shell conteiiing a iiquid is exploded, the impect of the gas of explosiom
upon the liquid, combined with the impact of thke liquid upon the surrounding
atmosphere, tends to stretch the liquid into a thim film. When a liquid is
suddenly strevched in a thin film, its surface is enormously extended until the
resulting tension exceeds the surface tension of the liquid. At this poiunt the
film breaks up into numerous small spherical droplets whose total surface is
less than that of the film, and therefore in a nore stable stata. The degree
of dispersiou obtained will depend upon the spesd with which the process csn be
ocarried out, which in turn is a function of the vsloclity of impact and of the
viscosity of the liquid, If the velocity of imract travels {astar than the
liquid can be forwed into droplets, the liquid will fall to the ground in large
drops. Increased viscosity dolays the oxtension of the surface, thus tending

to cause the formation of large aggregates.

Since reiatively a much groater smount of onergy will be required to atomize

41s PATR 78, Pe 30,
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iquid of high viscosity, much greater pressures are required in a shell to
ain a given degree of dispersion if the liquid filling is very viscous,.

The lower the surface tension of the liquid, the less will be the amount of
rgy required to extend the liquid, and therefore, other things being equal,
further the surface is extended for a given impact, the finer the smoke will

Since the limiting factor in the thickness of the film is the surface
sion, the minimum particle size that can be obtainsd for a given liguid
ardless of how much energy is expended, will depend upon this property.

High density is another retarding factor, and the lower the density of a
@id the further it will be extonded by a giwem impesci.

The degree of dispersion that can be produned with a given expenditure of
- rgy by explosion of a zhell can be increased by reducing the viscosity
1ising the tomperature), by lowering the surface tension, and by increasing

» wlocity of impacte.

Expiosive Disruption of a Solids In the disintegration of a solid it ia
bessary to overcoms large forces of cohesion, and the amount of energy ree
ired will be proportional to the specific surface of the powdered materiale

1s important to notice that in whatever way this work of disintegration is
ne, the ensrgy that is expended appears as heat, In the majority of cases

is heating effect is pgreat enocugh so that where the velocity of impact is

he a8 in explosive disruptionm, the particles are fused together after the
terial is fractured, thus decreasing the degree of dispersion. If the impect
i violent enough, liquifaction will take placees

The efficiency with which a sclid can de dispersed in the fora of u smoke
r exploaive msans, provided the material does mot fuse, depends on the rigidity
[ the material acted on and the velocity of impact, .In all detoration processes
w linit of disinteprration is reached when the fractured material is fine

murh to accomodate itself to the appliod stress without the individual
#hen a stress is

articles actually beinpg stressed beyond their elastic limit,
pplied slowly, the forces of cohesion absorb the enmergy of the stress before

t can travel far. The velocity of impact must be such that the rate at which

be stress is aprlied exceeds the rate of deformation, It is evident then that
nly those solidas whose melting points are higher than the temperature which

he individual particles would attain are capable of being elficiently dispersed.
£ the 30lid was liquified during the impact, then the procuss of atomization of

| 1iquid would take place (42)e

2. FAIR 286, pp. 18+20,
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CHAFTER IV
Design Charactoristics

DCevelopment Work on Irritaat Snoke Shell (1932-1942)

A research program was started at Edgewood Arsenal in 1933 to develop an
irritant smoke suitable for use in the rield, especially by artillery dis-
persicn, A seriss of tests were carrioad out on 75-mm. smoke sghell filled with

DM, DA, and DC.
given in the following tables

A comparison of the best IM, DA, and DC shell teated are

Compariso= of IM, DA, and DC

™ DA DC
Designation of beat shell tested E1R9 E3RS B4R1
Type Mixture Jong turster| Long burs':-uﬁ
Nt.‘ TIT ir shell, g 130 248 103
Wt. agent in shell, . S92 388 1768
Wt. of unchanged agent im msmoke, g. 21.1 33.1 27.0
Wt. of agent converted to other
as compound in smoke, ge 77.3 10.5 337.7
Nt; of agent not appearing as mmoke, .
. &e 293.6 S44.4 111.3
Total, g. 392.0 388.0 476,0

™ Shelle The best IM shell tested waa the EIR9 consisting of the

following componentss
Shell body .-
Fuze -
Adapter and booster -
Filling -

75-em. Mz II
PD ¥x.I1X
X IVB

541 % 10 z, of a mixture containing
75% flake LM and 25% THY. )

The shell was filled by hand tegpping and driiling a hnle in the mixture
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to permit the booster to descend upon closing the shell.
L S

In this shell 25.1% of the I in the shell, or 98.4 g., was disseminated
as a saoke, rhich analyzad 21.3% ©i. Howsver, in the analysis of I it was
found impossible to diatinguish betwecn Ll ard certain decamposition producis
of T4, and since these decomposition products had a very low irritating
eoffect, it appeared very probable that the yproduct in the smoke listed as IM
contained some of thess nonirritating substances. This was borne out by the
slight incapacitating effects of the smoke during field tests, and nonpenetra-
tion of the WVIII canister during the chamber tests. The fragmentation was
considered to ba good, but not equal to the HE shell, as is shown in fig. 1.

The hest DA shell tested was the ESRS, consisting of the

DA Shell.
following componentss
Shell dody - 75-mm, MK, I BB
Puse - M4S

Adapter and booster -~ Sesmless steel tube 1-3/38 in. o.d.,
. -20-gage, 9-1/4 in. long, welded to

adapter.

Filling o m,3:st5¢.

This shell was almost identical with type L toxic smoke shell for dis-
persion of DA, of which 200 were fired at Lakehurst Proving Ground in 1318,
The burster was loaded by filling the tube with melted TNT, ueing a riser to
oliminate m hollow center. After cooling, a hole was drilled in the TRT to
take the tetryl pellets, which were the smme as those used in the Mk. IVB
Yoster. The weight of the TNT was 248 £ 5 g. PFilling, 388 = 5 g, DA
(purity 85.5%)« The liquid DA was measured into the shell (allowing 10X woid)
and the burster screwed f{n by hand until 1t wus securely bottomed. The shell
was sealed by means of a lead washer and lock mut, ‘

The amount of DA disseminated as & fine mmoke when the E3RS nholi wag

testsd was 11.3% The bulk of the sgent was atomized as a coarse aiat which
settlod out very rapidly. In chaaber tests, the MVIII canister was slightly

penstrated. The fragssntation was considered equal to that of the HE shell
and is shown in fig. 2. .
The besat IC shell tested was the El4R), consisting of the

DC Shell,
follovwing components3
Shell bd’ - T5-enae n.l. m .
Fuze s - M4S8

Sesnless steel tube, 1-1/18 in, o.d.,

Adeptor and booster
) 16-gags, 9-1/4 in. long, weldod to adapter

Pilling - DC, 476 5 g
SECRET
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The burster was loaded by filling the tube with melted TIT, using a
riser to eliminate a hollow center, After cooling, a hole was drilled in
the TNT to take the tetryl pellets, which were the same as those used inm
the Mk . IVB booster. The weight of TNT was 108 + 5 g, Filling 47¢ + 5 g,
pC (pority 96,3%). The 1liguid DC was measured Into the shell (allowing- 10%
void) and the burster screwad in by hand until it was securely bottomed,
The shell was sealed by means of a lead washer and lock mut,

When the DC shell wers tested in the dispersion chamber, soms remarkable
results were observed, The tests in the chamber showed that in most cases a
large part of the DC was burnt during the explosion, and that one of the
products of conbustion was a very fine smoke made up mainly of arsenic trioxide,
This saole was found to be very irritating and could readily penetrates the
UVIIT carister to cexse severe irritation, The same shell when tested in the
field did not behave the same way, and the resulting smoke obtainsd contained

no arsenis trioxide, »

This burning could not be controlled, and was traced to the initial -
ignition of ths hydrocyanic acid liberated by the DC during the explosion,
The field tests shomed no such combustion taking place, Several suggeatioms
were made as to how to effect this combustion when the shell are fired im
the open, One way would be to add a combustible substance to the agent te-
cause it to flash upon explosion, Another way would be to use an agent which
itself is spontanecusly combustible, or highly inflammable, and whose products
of combustion would be highly irritating or toxic, Such a substance might be
found saowp the cacodyl compounds, lMany of these readily inflame in air,
giving rise to arsemic trioxide fumes, the same substance resulting from the
burning of DC, The possibility was considered of using mixtures of these
cacodyl compounds with DA or similar irritants to decrease ths hazards im
loading or increass the irritating properties of the smoke., The best line of
attack to increase the szmoke concentration of the 75-mm, irritant sooke shsll
appesred to be the use of cacodyl compounds such as cacodyl, (CHs);As-As(CHg)e
by itself, or in mixtures., In a confarence of the American Chemical Society
Advisory Committee, 21 October 1938, during the discussion of project A 2, the
members of sll corcurred in the opinion that cacodyl compounds offered wery

promising leads (43},

Mixtures of Cmeodyl and DC, A series of tests were concducted in which
DC wes nixed with cacodyl in a 75-rm, and 105-mm, shell containing a long
burster filled with THY, The effect of thes addition of cacodyl wes presumed

to be as followss

The initial exnlosion of the shell, due to the TNT, sprays out the
11quid contants of the shell in a fine spray or mist along with & small smount
of smoks, The firs Jdroplets of the mixture normally would settle out quiokly,
but as socon as the mixture comes in contact with tre air, the cacodyl begins
to react with the cxyren of the air, libernting heat, and resulting in
the forration of arsenic trioxide smoke, The resultant heat waporizes.

Iy, "Irritant o - a, L., DX, and Cyan-DA in 75-1ta, Shell, Status Report on

Erginseriry Tosts Under Projeot A2", EATR 308, p, 48, 29 Hov 1939,
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The burster was loaded by filling the tube with melted THT, using &
riser to eliminates a hollow centsr, After cooling, & hole was drilled in
the THT to taks the tatryl pellets, which were the same an those used in-
the 1X,IVB boostsr, The welight of TIT was 108 + 5 g, Filling 476 + 5 g,
pc (purity 96,3%), The liquid DC waa measured Into the shell (allowing: 10%
wvoid) and the burster screwsd in by hand until it was secursly bottomed,
The shell was sealed by means of a lead washer and lock rut,

Then the DC shell were tested in the dispersion charber, some remarimble
results were observed, The tests in the chamber showsd that in mwost cases a
large part of the DC was burnt during the explosion, and that one of the
products of combustion was & very {ins smoke made up mainly of arsenisc trioxide,
This smoke was found to be very irritating and could readily pemstrate the
UVIII canister to cause severe irritation, The same shell when tssted in the
field did not behave the same way, and the resulting smoke cbtained coutained

no arsenis trioxide,

- This burning oould not be controlled, and was traced to the initial -
ignition of the hydrocyanic acid liberated by the DC during the explosiom,
The field tests showed no such combustion taking place, Several suggestions
wore made as to how to effect this combustion when the shell are fired im
the open, One way would be to add a combustidle substance to the agout te
cause it to flash upon explosion, Another way would be to use an agent which
itself is spontaneously combustible, or highly inflazmable, and whose products
of combustion would be highly irritating or toxic, Such a subetance might be
found among the cacodyl compounds, UKany of these readily influme in air,
giving rise to arsenio trioxide fumes, the same substance reculting from tiw
burning of DC, The possibility was considered of using mixtures of these
cacodyl compounds with DA or similar irritants to decrease the hazards ia
loading or increase the irritating properties of the smoke, The best lime of
attack to inorease the smoke concentration of the 75-mm, irritant smoke shell
appesred to be the use of cacodyl compounds such as cacodyl, (CHy)zAs-As(CHs)g
by itself, or im mixtures, In a conference of the imerican Chemioal Soclety
Advisory Committee, 21 October 1938, during the discussion of project A 2, the
members of all concurred in the opinion that cacodyl compounds offered very

promising leads (43),
fixtures of Cacodyl and DC, A serles of tests were oonducted in which

DC was mixed with cacodyl in a 75-mm, and 10S-em, shell containing e long
burster filled with TXT, The effect of the addition of cacodyl was presumed

to be as followss

The initial explosion of the shell, due to the IUT, aprays out the
1iquid contants of the shell in a fine spray or mist along with a small smount
of smoke, The fine droplets of the mixture normally would settls cut quiokly,
but as soon as the mixture comes in contact with the air, the cacodyl begins
to react with the oxyron of the air, liberating heat, and resulting in
the formation of arsonic trioxide smoks, The resultant hest vaporizes

8. Lrri i 5<d, L., DX, ond Cyan-DA in 76-1*a, Shell, Status Report om
Lngirsoring Tests Undor Projsot A2™, TATR IC3, p, 48, 29 Nov 1939,
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hncdhtly condenses into a mmoke., JIf the oxidation
of the 08cody) decomes too repid, a flash results, and part of the DC also
burns, and the Yield of DC mmoke wil} decrease,

It ms found that with the 75.mm, shell the best of those tosted was
the R8R1, sonsisting of the following oomponents:

Shell body “  T6-mm. Mk.l mg
Fuse -~ Me8

Adapter and burster - Seamlsas steel tube 1-1/8 1a, o.d., 16~
€age, 9-1/4 in, long, welded to adapter,

Explosive charge = 119 28 ¢, THT, 34.5 g tetryl
Pilling - Dbc,280%2g,
Cacodyl, 22¢ ¢ ¢ P

The average moke oloud from these shell in the dispersion chamber

oontained irritant arsemicels *quivalont to 118 g, of DC or 47.1X of the ne
1o the shell,

The moke set up in the chamber wae very {rritating and could readily
penstrate the NIXA) oamater to sause severe irritation. The results of the

fleld tests showed that the shell functions *Qually as well ag i the chamber.

The toxiolty of the ks was of the seme order of nagnitude as thet of
the nost toxio agents (84),

Pour field tests were oonduocted to determine the best mixture of DC and
ocsocodyl to use {n 106-em. projectiles fired statiocally in the open, The

f11lings were samposed of 12.0%, M.1%, ¢5.1%, and 47.2% ocacodyl, the
rmaeinder boing DC.

With 42,6% of oacodyl, e poor cloud wase obtained that did wot penetrate
the MIXAl camisters, With 44,1% Cacodyl, a very dense oloud was obtained,
'nd there was evidence of canister penetration, With 48.1% cacodyl, o Tery
dense cloud wag obtained that aould penetrate the maasks of some of the

e optimm amount of oacodyl was thus 44,1% te 48,45 1a a 108-um, shell
rhen fired statiocelly (48}, ¢

4. "Gae (2) for Navy XB-Oug Projectiles. Di spereion of Mixtures of Cyan M
and Cacodyl i T5-iRm , Mhell,” vy 788, 3 June 1941,

5. "Cas (2) fop vy M3-Oas Profectiles, Plepersion of Wixtures of Cyen DA
and Cacodyl 1n 10S.4m, Proieatilan 15 the Open,” TR 357, 10 peb 1943,

SECRET
38

IR M i e A SRR L Wi s, ke il

YRR o o Srree s o




SECRET

Oa *he bnsis of thase resulta a field tast was conducted in vhich e
batiery of 105-:m, homitzors fired rmcdified €0 projsctiles (I2), containing
cacodyl axd IC, on an artillory squsre at ccutat rate, The fillinz consisted
of 44,8%% cacodyl and 55.15% [C. Tha apalysis of the r3oks irdicated too
much oxidition and that the £illing ahould have consiatad of 40, cacodyl and

57% LT (46).
Mixtures of Cacodvl snd DA. Since the use of cacodyl in dispsraing I'C
from 35-ma. projoctiies uas satisfactory, tests were run to determins whether

DA comld be dispersed equally as well, The Di-cacodyl considered to be the
best cf those tested, waa the El10R1l, consisting of the followring camponsntss

Shell dody -  T5-mm, Xk.I-HB

Puze - N4

Adapter and Burater <« Seamless steel tube, .1-1/3 in. o.d.,
16-gage, 9-1/4 in. long, nldod to

wdapter.
Explosive charge - 130 go THY, 32.7 g tatryl
Hiling - 258 g. DA, 238 g. omoodyl

e make cloud fram this projectile in the dispersicm chamber comtained
73.67 g, of DA or 28.5% of the A im the projectile.

The moke set up by the DA-cscodyl-filled projectile was highly toxie
and irritating and penstrated the MIIAl canister in the chamber tssts, but
the pemetration was not as well as ﬂut obtained from the Dc-oaoodyl-ﬁlhd

projectile (47).

Toxie Smoke Candle (1920-1942)

Davelorment of Candle, Gas, Irritant, DN, M2, PFrom sn ensrgy standpoint

therwal dlaporsion is not very efiicieat when applied to a shell, as the heat
required %o vaporise the smmoke-producing material is usually larpge, and the
explosives used 40 not have a sufficlently large energy content. Explosives,
such as THY, are valuable because they liberate all their energy in a very
shor® space of time, but the amount of emerpy liberated is not very high,
Thus 1 kg. of petroleum has a heat of combustion of about 12,000 cal,, coal
about 8,000, and dry wood 3,5C0O to 4,000, while TXT in exploding has only T10

48, "GCas (2) for Tivy Ei-Cis Projsctiles Modif_ed NS0 1056-)a, Projsctiles
Fillod With a llixture of Cyan DA and Cacodyl Impact Pleld Test of
larch 1, 1912,% IT 2 253, 6 Apr 1942,
A7, “Cas (2) for Vavy HZ~Gas Projectile. Dispersion of Mixtures of DA and
Cacodyl in 76-1'a, Projeot‘il:.' TR 345, 29 Apr 1942,
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ocal. Explosives are insfficient ard costly sources of energy, especially
whan used for heating purpossse.

Tha "™1I" Povice doveloped by the Dritish during Torld War I was designad
to overocme thy Inuliloiancy of the exploaive zholl in gencrating toxio saoke.
It consistod of a can contuining DA and the heating wmixture ia separate
compartmsnts. In operation the heating mixture was ipgnited, and the heat .
developsd in burning volatilized the toxio agsant, which condensed to form a
saoke which was far nore effective than when dispersed by explosion fram

artillery shell,

From 1920 to 1922 a considerable mmount of work was dons on finding a
suitable fuel for dispersing IM. Three types of fusls were investigateds

l. Type 1 fuels depended upon air to supply oxygean for ombustior.
Due to the unsatisfactory nature of this type of design, the frels
which were mainly solidified alcohols, ware not considered sultable.

2. Type 2 fuels praduced a large maount of heat and deposited a hot
slag which retained fts heat long enough o volatilise the agent.
In addition, it was found desirable that the final liberate a
minimum of gasecus products, sinoce these hot gises caused explosioas.

Yor the Type 2 candle the following were comsidered the most satiafuo-

tory
Fo. 18
Potassium permangamate s3%
Irom art
o w0
Irom - 30.2%
2ino 35.2%
Sulfur .68
No., 108

Daisite (mixture of elumirmm,
maznetio iron foxide,
sulfur)

Sand s, 4

Thesze furls yiord a4t~ 1lar in bohavior aince they turnad uniformly with little
cr no fliin, forning only a E211l exount of gaseous products fram the

STCRET




SECRET

reaction and a good hard slag, oapable of holding its volume nearly constant
end retaining its heat long emough to volatilise the agent.

3.  Type 3 fuels gave off s large volume of nonreactive gas at a
noderwtely low temperature. The oxygen required for the somdustion
was oombined with the fel. The best fuels for the Type 3 candle
were found to be ¢ither mmckeless powder or a aixture of ammonium
pitrate and charcoal. The smoksless powder fuel consisted of 12- .
in, powder, which was placed in an upright position, and sufficient
oal, ,3C smokeless powder to fill the void spaces between the
12-in, powder. Yhe entirs mass was gelatinized by means of &
solution of 1 part of aloohol and 2 parts of ether. The ammonium
altrate fusl consisted of a mixture of 85X smmonium mitrate and 15%
oharocal, This mixture was pressed into a cake using a pressure of
500 to 750 1b, The smmonium nitrate fuel proved as efficient as the
amaokeless powder fuel for the avolution of IM.

The fuel used in the DM irritunt candle N1 oconsisted of a mixture of 2,75
1b, of the 12-in. ceanon powder and approximately 0.8 1d, of cal. +30.
service samunition powder to rill the void speces between the large grains of
powder completely. The two types of powder were consolidated by adding a
solvent of .aloohol and ether, and then evaporating off the solvent from the
plaatioc mass,

( )mm:;tuoofthomirriuxto.ndlonnamz.smsdn.
48).

The M irritant oandle ¥2, which was developed in 1941 ocontained the
following fuel:

Peroent
Ammonium ni trate 6.0 2 0.8
Asmonium chloride 7.0 t 0,28
Calotum ocarbonate 12,0 £ 0,18
Charooel 13.0 ¢ 0,28

The mixture was mized with a 4 solution of ocollodion im scetene and preseed
into the fuel oampartment of tho candle.

™is el s nerely a substituts for the fusl ia the Ml candle, [t
did wot result im anmy better dispersincm of the I (49).

48, “New Methods of Dispersing Chemiocal Agewts, Low Temperature Musls for
Jenarating Toxio fmckes,” ™™ 114, pp. 2-3, §, 13 Ped 1940;
"9~-Pound D.M. Cendle,® PACH 71T 7. 87, 1 Ped 1024,

49, "Nevelopwent of a New Puel for the DM Candle,” YTIMR 479, 5 Deo 1942,
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Coings Candle., In 1942, a candle was designsd which utilized the
principlo of" wia _Z cardle, except that the hot gazeous products of comtustion
of the fuel wcre nixed with air from the etnosphers to cool the gisss so that
the toxio azoat could bs volatilized at a lower tamporature. Thia type of .
candle bescame known aa the Comings Cardle, nemed after the irmventor. ‘

¢

| §
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The gonaral desizn of the candle is shown ia fizs, 3, 4, 5, 6, 7, ard 8, - :
The agont is containad in an upper compartment, and the fusl, which buras in '
the absence of alr, ia held in a lower oompartment, which is separats and can
be detached from the upper compartaent. In operation, radiant heat from the
surface of the burning fuel ia trunmitted directly to the bottom of the agent .
compartaent. This heat malts the agent and raises its temperature., Hot gases
from the fuel block pass through a 13/32-in. orifice at a high velocity and
entrain air in the throat of an injectar. The 1liquid agent flows through e
0.204~in.~dism. hole into the throat of the injector and is Woken into a fine
spray by the high-velocity gas stream. Flow through this lstter hole is
caused by the pressure in the agent vompartment, as well as by the hydrostatie
liquid head. Droplats of liquid which are not evavorated in the gas streem
are thrown out by the taffle und returned to the agont ocomperiment to de
racirculated. The gas stream and the vapar tham paus through forty 1/8-1:!.
holes on the top and sids of the ocemdle. .

Mpure 4 shows the ocomplete candle as viewed from the sir intake and gas-
vapor exit side. Pigure 5 is a piotare of the fuel compartment, Figure 6 .
13 the internal acsembly of air imlet, entrainer tube, and the bottum of the
agont oompartment, Figure 7 ia a view from below showing the 13/32-1n,

orifice. The roof of the upper part aof the candle is clearly visidle.
Figure 8 1s the upper part of the candle with the top remowved, showing the

baffle. Figure 9 shows a typical msoke cloud produced by the candle.
The fusl for the candle smoumted to 1,400 g. and was wade up as follows.

The starter was a mmall pressed disc of 20 g. of sulfurless meal powder
with osllulose acetats sa & binder, This sulfurless meal powder was made up
in the proportions of 54.1 g. of potassium nitrate, 40 g. of silicon, and
5«9 g« of powdered ~harcoal. To 20 g. of this mixture was added 6 ml. of a

4.8% solution of cellulose aoetate in acetons.

The nain fuel blook was composed of two laysrss The upper layer was o '
mixture of 86 g. of emmonium nitrate rhich passed through a 60-mesh screen -
and 14 geo of charcoal which paased through a 200-niash screen, This was
mixed with 30 ml. of a 4.5% solutioa of celluloid in acetoms. The main
bottaa laysr waa ccmposed of 1,000 g of smmonium nitrate, 163 g, of
povdsred charcoal, and 100 g. of emmonium chloride mixed with 3CO mle. of the
4,07% solution of celluloid {n acetone, The szeparats mixtures were added in
laysrs and pressed undor & prossure of a fcw tons load., After all the mix-
ture vas in *hoe fuol block container, it wus pressed under a total 10ad of
25 tonse Ths couplat:d bloek waa dried in an ovon for smeveral hours or at

roca tesperature for sovaral days,
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SECRET

Scme of the special festures of the candle should be noted. The use of an
injector has seversl advantages. It provides one of the most effeotive ways of
bringlng about good contact betwuen the hot gases and the liguid agent in a
small space. This good contaot resul’s in the hot gases leaving tho oandle
nearly saturated with vapor and pernits the use of a lower liquid ag nt tampera-
ture in the candle, thus reducing the thermal deoamposition. It also pormits
the use of a higher temperature in the fuel blook since the hot gases are
diluted with air before coming in ocontaot with agent. The injeotor likewise
gives a rolatively high pressure in the agent oompertment (15 to 30 in, of
water), and this produces the necessary high veloaity through the small 1/8-in.
exit holes. The high veloocity leads to a mmall particle sisze which {s oon-
duoive to greater canister penetration.

A comperison of this candle with the M2 candle showed that in the case of
IM, the Comings candle is only slightly more efficient than the M2 candle.
is wus due to the faot that DM shows good thermal stabdlity at high tempera-
turvs for short periods of time. With the Comings candle 68% of the IM was
dispersea as undecomposed smoke. With the M2 candls 56K of the IM was dis-
persed as undeoomposed mmoks.

In an erperiment in whioh D2 was dispsrsed by a Comings candle, 91X of the
agent was undecomposed in the smoke (50).

Figure 10 shows a seotiomal diagram of the M2 IM candle, while figure 11
shows the candle in operation.
In 19323, The Lake Erie Chemical Company,

Orenade, Hand, Irritant CH-IM, 6.
Cleveland, Uﬁ!o. pfum on the urﬁo! s candle known as the "Lake Erie Lightning

Universal K.0., and Tear Gus Candle.” 7his candle ocontained the following mixture:

4 ] 16.0%
™ ' 16,0%
R.C. powder 8. 4%
ug0 2.0%

During Bovember, 1932, verdal instrustions were received from the Offioe,
Chief, Chemiocal Warfure 8Service, to prepare candles similar to the Lake Erie
K.O. and Toar Gas Candle for test. These candles had been used by civil
suthorities a mmber of times for controlling mobds and riots and were founmd %o
be quite effective,

The candles made at Bgowood Arsenal, while similar to the Lake Erie
candles, contained a higher percentage of both CN and IM than did the Lake Erie

50. “Toxto Jmoks Candle and 3creewing Smoke Umits,” National Defense Research
Coomittee (hersimafter MRC) of the Office of olea 0 Nessarch &

Tavalorment (hereimafter OM CrTene A# s PPs T ¥, 14,
83.;; 1. :"grﬂo Sacke Candle,

V) = slon h
TS e 1V, (In CRLYL e FeCl LR
I1. Soreeming Mmoke Umits,” il Terlal %o, W40, p. 54, 1 Dec 1942,
{0SmD 1078.)
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Figure 10.--DM CANDLZ, W2
(Sectional disgrea)
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SZCRET
oandles, The composition of the candles made and tested at Edgewood Arsemal
wass

cy 21,08

DM 21,08
B.C. powder ' 56,4%

g0 2,68 -

These candles were made by loading into the fast-burning CW candle _
container approximately 290 g, of the mixture undsr a pressure of 4,700 1b./
8q.in, Throe slots, 3/8 in, by 3/8 in. at the top amd 3/16 in, by 3/18 in,
at the bottom, were left extending down the sides of the mix, These slots
were placed equidistant around the sides of the mix, Thrce rows of six
holes each, 5/32 in, in diameter, opening into the alots in the mix (one
row opening into each slot) were in the sides of the conmtainsr, The top
also contained six 5/32-in, holes,

The starter used consisted of 5 g, of meal powdsr and a binder con-
sisting of 4% oelluloid and 96X acetons, The starter paste was made very
thin and was poured onm top of the mix and allowed to flow down into the
slots on the side,

The candles have a burning time of 35 to 40 sec, A bright yellow cloud
1s produced (51). These candles were made standard itsms of CNS,

51, "Irritant Band Grenade (CN-DN) 1B (Fast CN-DM Irritent Candle M1),*
RATR 151, pp. 3-4, 28 Jun 1833,
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CHAPTZR ¥ €, N
Standard Itea
Crenade, Hard, YIrritant, CR-IM, M8 .

Description, The irritant hand grensde CH-UM, M8, is deaxigned in one sise
only, tas 1.06-Ib. The container is cylindrical in shape, Z.48 in. ia
dismetsr and 5,7 in. high. It is made of tin plate 0.014 in, thick, lock-
seaned and soldered. The ocontainer is provided with three rows of six holes
each. The holes are 5/32 in. in dismetsr. The rows of holes are perpendiculsr
to the bottam of and spaced 120° apart oa the ciroumference of the container.
The holes are spaced approximately 0.€66 in. spart in the rows. The %op of the
container is made of 0.021~in, tin plate and is crimped in place. The top
oontains, in addition to an adapter for the firing mechamim, six 5/32-in.
holes radially looated, and spaced 60° apart. The holes in both the ocontainer
and top are covered with amall squares of adhesive tape (see fig. 12) (32).

Data for Irritant Hand Grenade CH-IM, NG,

‘m’ e000cevsccessvscrssnsassccscse LrTitant OAS L

F111Ing cececcceccvcscccsscscncnaccsce Chloroacstopherons, aMIdD-
skloroarsine, and sackeless powder

Igniting N201A1, Dslay time l.2-
2.0 osse,

PRS0 cescsccevseccscscscsccocvnncnonce

"iﬁt G00000000CRIGNONOSHVROVOOOBOOON 1‘“ lk

Burning im0 cesceccecevecscaccocccccs 20-00 sou,

“CE-IM" stenciled in l-in. red
letters above 1/2-in. red band,
and "Gas® stenciled in l-in. red
letters below the damd, Lot Eoe
. stanciled in 1/4-in, red letters
around the bottom of the camile

lnrhlnp 000000000000 000000000000000008

Solor 0000000 000000000000000000000008 nm-m!

Trdt oontainer, metal ocang
Shipping container, wooden boxp
28 rrenadas to box. Shipping
woiht, approxe 50 1b, Cubage,
aprroxe 1,8 ou.fte A data and
inatruotion card ias packed ix
packing case.

P.eun‘ G800V RITORNDNVOIGLGTRNBSOOOSOLION

52, [Dook of Standards, Cacmical Wirfare Sarvive, p. 28, 15 flov. 1961,
Ul.CLASC S
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Figure 12.--CREVADE, AID, IRRITANT, CN-IM, M6
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Stoﬂs' CN000BEsE0C00O00EEEPERORDY The candles should be stored in =
cool, dry place. They should Le
given reaaonabls protestion from

excoss moisture,
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